Phase digram of half-doped perovskite manganites is studied within the extended double-exchange model. To demonstrate the role of orbital degrees of freedom both one-and two-orbital models are examined. A rich phase diagram is obtained in the mean-filed theory at zero temperature as a function of J (antiferromagnetic (AFM) superexchange interaction) and V (intersite Coulomb repulsion). For the one-orbital model a charge-ordered (CO) state appears at any value of V with different types of magnetic order which changes with increasing J from ferromagnetic (F) to AFM ones of the types A, C and G . The orbital degeneracy results in appearance of a new CE-type spin order that is favorable due to opening of the "dimerization" gap at the Fermi surface. In addition, the CO state appears only for V > V c for F and CE states while C-type AFM state disappears and A-type AFM state is observed only at small values of V as a charge disordered one. The relevance of our results to the experimental data are discussed.
One of the subtle aspects of the perovskite manganites is the charge ordered state observed in almost all such compounds at half-doping. [4] [5] [6] [7] A direct evidence of the CO state in half-doped manganite has been provided by the electron diffraction for La 0.5 Ca 0.5 MnO 3 .
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Similar observations have also been reported for Pr 0. 
II. MODEL AND FORMULATION
We start with the two orbital ferromagnetic Kondo lattice model supplemented by the intersite Coulomb repulsion
The first term of Eq. (1) 
The second term in Eq.(1) describes the Hund's coupling between the spins of localized t 2g -electrons S i and the itinerant e g electrons with spin σ i . The superexchange (SE) interaction of localized spins between the NN sites is given by J, V represents the inter-site Coulomb repulsion of e g electrons, n i is the particle number operator and µ is the chemical potential.
The effect of the on-site Coulomb interaction that is not included in our model Hamiltonian will be discussed later.
We study the Hamiltonian (1) within the MF approximation, which is set up by introducing the order parameter for static charge-density wave of the form n i = n + δn exp(iQR i ),
with n being the electron density and Q = (π, π, π). Further, we treat localized spin subsystem classically and assume a strong Hund's coupling J H ≫ zt/S. In this limit one may take the local spin quantization axis parallel to t 2g -spins and in the rotated bases retain only "spinup" components of the mobile electrons. Then the transfer integral between the NN sites is modified through relative angle of the t 2g -spins at the i and j sites ast
where θ ij is the relative angle of the t 2g -spins. We consider the following magnetic phases that competes: i) Ferromagnetic configuration (F-type spin ordering) with θ xy = θ z = 0 ( θ xy and θ z are the angels between the neighboring spin in xy-plane and z-direction, respectively, ii) Layer-type antiferromagnetic configuration (A-type spin ordering) -the local spins are parallel in the planes and antiferromagnetically aligned between the neighboring planes, that corresponds to θ xy = 0 and θ z = π. iii) Chain-type antiferromagnetic configuration (C-type spin ordering) -the local spins are parallel in the straight chains and antiferromagnetically coupled between the chains -θ xy = π and θ z = 0. iv) Neel-type antiferromagnetic configuration (G-type spin ordering) with all spins being antiparallel -θ xy = θ z = π. v) CE-type spin ordering with zig-zag ferromagnetic chains coupled antiferromagnetically.
As a result we come to the following MF Hamiltonian:
where ∆ = zV δn, z = 6 for 3-dimensional cubic lattice, and d is dimensionality of the magnetic order ( d = 0, 1, 2, and 3, respectively for G-, C-, A-, and F-type spin ordering).
In Eq.(3) the zero of the energy is chosen in such a manner that the SE energy vanishes in the FM state. To obtain phase diagram we need to compare the free energies of all possible magnetic configurations.
III. PHASE DIAGRAM A. One-orbital model
In order to incorporate the role of orbital degeneracy, first we consider the one orbital model ignoring the double degeneracy of e g orbitals. Retaining only the one orbital per Mn-ion and assuming the isotropic transfer amplitude, the electronic part of the MF Hamiltonian in k-space is written as:
The above Hamiltonian (4) is easily diagonalized by the following canonical transformation:
with
In terms of the c-operators, the one particle Hamiltonian reads
At half-filling the chemical potential lies inside the gap (µ = 0) and recalling that ∆ = zV δn we receive a self-consistent equation for the order parameter
In Fig.1 the overall behavior of the order parameter δn as a function of t/V is presented for various magnetic configuration. Since the wave vector summation in the right hand side of Eq.(9) diverges in the limit ∆ → 0 there exist a nontrivial solution even at V → 0 and hence a transition from homogeneous to CO state is continuous. We also note that δn diminishes exponentially with increasing the bandwidth (see Fig.1 ) indicating that the transition between the homogeneous and the CO state is a result of the competition between the kinetic and the electrostatic energy.
By comparing the free energies of different magnetic configuration we obtain the phase diagram as shown in Fig.2 . At small V , with increasing J the system, starting from the F-CO phase, first enters to the C-CO phase and then to the G-CO state. Since the gain in the magnetic energy when the system moves from A-to C-phase is larger then the gain in the kinetic energy in C to A transition the A-CO phase is absent in this part of PD.
With increasing of V at V ≃ 0.5t the CO gap in C-CO phase overcomes that one in A-CO phase that results in opening of small window of A-CO phase in the phase digram. We also note that with increasing of V the SE coupling needed to stabilize the AFM configuration decreases since the bandwidth effect is overshadowed when the gap becomes large.
B. Two orbital model
To describe the effect of orbital degeneracy, we consider the MF Hamiltonian (3) with anisotropic hopping amplitude. In the momentum space the electronic part of the Hamiltonian reads as:
andt xy = t cos θ xy ,t z = t cos θ z .
The diagonalization of this Hamiltonian ( see Appendix) leads to the four band model.
In the case of F-and A-type spin ordering and at the filling corresponding to one electron per and may lead to the stabilization of CE spin ordering. Let us consider one zig-zag with two ferromagnetic bonds alternated in x and y directions (Fig.4) . The corner and middle sites are denoted by a(ā) and b(b), respectively, and the unit cell is given by four nonequivalent atoms.
For further discussions it is convenient to adopt the following bases of the e g orbitals at nonequivalent sites: 
between a-b (ā-b) and b-ā (b-a) NN sites, respectively. As a result the zig-zag chain is modeled as a dimerized one with the alternating hopping amplitude and can be described by the following Hamiltonian
where i runs along the zig-zag and denotes the number of unit cell.
Diagonalization of the above Hamiltonian ( see Appendix) leads to the complicated band structure consisting of bonding and antibonding bands, E a,b = ± ∆ 2 + t 2 (2 − cos(k/2)) 2 , and nonbonding states E ± = ±∆ 2 . Due to the topology of the zig-zag structure, only the 3x 2 − r 2 (3y 2 − r 2 ) orbitals at a(ā) sites give the input in the low energy bonding state.
While for the b(b) sites both two orthogonal orbitals do contribute.Therefore, at half-doping only the 3x 2 − r 2 and 3y 2 − r 2 orbitals are occupied at site a andā, respectively, and the system is orbitally polarized. We also emphasize, that at half-doping the bonding band is full and the system is a band insulator even in the absence of the charge ordering. The onset of the charge ordering renormalizes the gap to higher value. The behavior of the charge order parameter is depicted in Fig.3 . The transition to charge ordered state takes place at 
One finds the effective Hamiltonian of the form
Further we perform the transformation similar to (6) and introduce the new sets of fermionic operators as a k1 =ū k1d k1 +v k1d k+Q2 , a k2 =ū k1d k+Q2 −v k1d k1 , a k3 =ū k2d k2 +v k2d k+Q1 , a k4 =ū k2d k+Q1 −v k2d k2 ,
As a result we get the following four band Hamiltonian
2. CE-structure First, we rewrite the linearized MF Hamiltonian (13) in the momentum space:
where 
